Transverse Polarization of A and A Hyperons in Quasireal Photoproduction 
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The HERMES experiment has measured the transverse polarization of A and A hyperons pro- 
duced inclusively in quasireal photoproduction at a positron beam energy of 27.6 GeV. The trans- 
verse polarization P^ of the A hyperon is found to be positive while the observed A polariza- 
tion is compatible with zero. The values averaged over the kinematic acceptance of HERMES are 
Pn = 0.078 ± 0.006 (stat) ± 0.012 (syst) and P A = -0.025 ± 0.015 (stat) ± 0.018 (syst) for A and A, 
respectively. The dependences of P£ and P^ on the fraction £ of the beam's light-cone momentum 
carried by the hyperon and on the hyperon's transverse momentum px were investigated. The mea- 
sured A polarization rises linearly with px and exhibits a different behavior for low and high values 
of £, which approximately correspond to the backward and forward regions in the center-of-mass 
frame of the 7* N reaction. 



PACS numbers: 13.88.+e, 13.60.-r, 13.60.Rj 
INTRODUCTION 

In 1976, physicists at Fermilab measured the inclu- 
sive production of A hyperons from high-energy proton- 
nucleon scattering, and found a striking result: the A par- 
ticles produced in the forward direction and with trans- 
verse momenta greater than about 1 GeV were highly 
polarized [l|. Both the 300 GeV proton beam and the 
beryllium target were unpolarized. The A polarization 
was transverse and negative, directed opposite to n, the 
unit vector along the direction Pbcam x Pa, which is nor- 
mal to the production plane. This "self-polarization" of 
final-state hadrons is observed quite commonly in the 
photoproduction of hyperons at low energies @ 0] , and 
in exclusive reactions such as elastic NN or ttN scatter- 
ing 0]. The A polarization observable, proportional to 
Sa ■ n, where Sa is the spin vector of the A, represents a 
single-spin asymmetry that is odd under naive time re- 
versal. (Naive time reversal refers to the application of 
the time reversal operator T to each of the four- momenta 
in the reaction without exchanging the initial and final 
states) . Given the T-even nature of the strong and elec- 
tromagnetic interactions, such a naive T-odd observable 
must arise through the interference of two T-even ampli- 
tudes: one that involves a helicity flip and one that does 
not The surprise of the Fermilab result was that 
the polarization also occured at high energies, in an in- 
clusive measurement with many unobserved particles in 
the final state. In this regime, perturbative QCD should 
accurately describe the partonic hard-scattering subpro- 
cess ab — > cd. However, all helicity-flip amplitudes are 
greatly suppressed in hard interactions as helicity is con- 
served in the limit of massless quarks. The mechanism 
responsible for the polarization must thus arise from the 
non-perturbative parts of the reaction, such as the frag- 
mentation process cd — > AX. The production of a high- 
multiplicity final state at high energies must involve a 
large number of amplitudes. It seems remarkable that 
the phases of these amplitudes are correlated to such a 



degree that a pronounced interference effect is observed. 

The polarization of A particles and other hyperons has 
now been observed and investigated in many high-energy 
scattering experiments, with a wide variety of hadron 
beams and kinematic settings [H, 0> Hl> Q • The polariza- 
tion of A particles in particular is almost always found to 
be negative, as in the original pN experiment. A notable 
exception to this rule is the positive polarization mea- 
sured in K~p [l(| and T,~N [H interactions, where the 
beam particles contain valence s quarks. A rather con- 
sistent kinematic behavior of the polarization has been 
observed: its magnitude increases almost linearly with 
the transverse momentum px of the A hyperon up to a 
value of about 1 GeV, where a plateau is reached. The 
absolute polarization also rises with the Feynman vari- 
able x-p with values around 0.3 at xp rs 0.7. 

Possible mechanisms for the origin of this polarization 
were reviewed in Refs. [11| and [12[ for example. None 
of these models was able to account for the complete 
set of available measurements. In particular, no model 
could explain the baffling pattern of anti-hyperon polar- 
ization. Anti-hyperons produced in pN scattering con- 
tain no valence quarks in common with the beam and 
are expected to have no polarization. Zero polariza- 
tion has indeed been consistently measured in the re- 
action pN — > AX. However, studies of the reactions 
pN —f'E.X and pp — > E + X revealed anti-hyperon polar- 
izations of the same sign and magnitude as those of the 
corresponding hyperons [l3j |. These observations have 
presented a decade-long puzzle in non-perturbative QCD. 
To our knowledge only one possible solution has been 
suggested [3] so far. 

Given the large hyperon polarization observed in 
hadron-scattering experiments, it is natural to wonder 
whether a non-vanishing polarization also occurs in A 
production by real and virtual photons at high ener- 
gies. Very little experimental information exists about 
this effect in photo- and electroproduction. Transverse 
polarization in the inclusive photoproduction of neutral 
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strange particles was investigated about 20 years ago at 
CERN 15 1 and SLAC [l6j |. However, the statistical accu- 
racy of these data is limited. The CERN measurements, 
for incident tagged photons with energies between 25 and 
70 GeV, resulted in an average polarization of 0.06±0.04. 
At SLAC, the overall polarization was observed to be 
0.09 ± 0.07 for A hyperons produced using a 20 GeV 
photon beam. The SLAC experiment also investigated 
the dependence of the polarization on xy and observed a 
decrease, with the polarization tending towards negative 
values for positive xf. 



CERN and SLAC, while offering a much higher statisti- 
cal precision. However, unlike in these two experiments, 
the kinematics of the quasireal photons are not known 
on an event-by-event basis. 

This analysis combines the data collected at HERMES 
in the years 1996 - 2000. The sample includes data taken 
with both longitudinally polarized and unpolarized tar- 
gets, while the positron beam was always longitudinally 
polarized. As the target spin direction was reversed every 
90 seconds, the average target polarization was negligibly 
small. The target species included hydrogen, deuterium, 
and a variety of unpolarized heavier gases. 



EXPERIMENT 

The HERMES experiment offers an excellent opportu- 
nity to measure transverse A and A polarization in the 
reaction 7*7V — -> AX, using the 27.6 GeV positron beam 
of the HERA collider and an internal gas target. For 
simplicity the symbol A will henceforward be used to re- 
fer to both the A and A cases unless explicitely stated 
otherwise. The HERMES detector 17J is a magnetic 
spectrometer whose geometric acceptance is confined to 
two regions in scattering angle, arranged symmetrically 
above and below the beam pipe. These regions are de- 
fined by the rectangular pole gaps in the spectrometer 
magnet, and cover the ranges ±(40-140) mrad in the ver- 
tical component of the scattering angle and ±170 mrad 
in the horizontal component. Between these regions is 
the horizontal septum plate of the magnet, which shields 
the HERA beams from the spectrometer's dipole field. 
Thus, only particles produced with a polar angle greater 
than 40 mrad with respect to the beam axis are visible. 
Since the standard HERMES trigger for deep-inelastic 
reactions requires an energy of more than 1.4 GeV or 
often even 3.5 GeV deposited in a lead-glass electromag- 
netic calorimeter, scattered positrons may be detected 
only for events with Q 2 above about 0.1 GeV 2 (where 
— Q 2 represents the four- momentum squared of the vir- 
tual photon). In the study described in this paper, the 
detection of the scattered positron was not required and 
the final data sample is therefore dominated by the kine- 
matic regime Q 2 ss GeV 2 of quasireal photoproduction 
where the cross section is largest. The scattered beam 
positron was detected in coincidence with a A in only 
6 % of the events. 

A Monte Carlo simulation of the process using the 
PYTHIA event generator [13] and a GEANT [H model 
of the detector was used to estimate the average kinemat- 
ics of the A sample. An average virtual photon energy of 
(u) w 16 GeV was obtained. A total of about 70 % of the 
detected A events lie below Q 2 of 0.01 GeV 2 , and about 
90% lie below 0.5 GeV 2 . Due to the long tail at higher 
values in the Q 2 distribution, the average Q 2 value is not 
representative of the typical event kinematics. The mea- 
surement is thus kinematically comparable to those at 



EXTRACTION OF THE TRANSVERSE 
POLARIZATION 



Because of the parity-conserving nature of the strong 
interaction, any final-state hadron polarization in a reac- 
tion with unpolarized beam and target must point along 
a pseudo-vector direction. In the case of inclusive hy- 
peron production, the only available direction of this type 
is the normal n to the production plane formed by the 
cross-product of the vectors along the laboratory-frame 
momenta of the positron beam (p e ) and the A (pa)'- 



Pe x p\ 

We X PA | 



(1) 



By the same parity conservation argument, the polar- 
ization in this transverse (i.e., normal) direction cannot 
depend linearly on the longitudinal polarization of the 
target (Pr) or the beam (Pb). A dependence on their 
product Pt-Pbj however, is not forbidden. In this analy- 
sis most of the A data were collected using unpolarized 
targets, and the luminosity weighted value of PbPt was 
0.0000 ± 0.0005 for the entire data sample. 

A kinematic diagram of inclusive A production and the 
decay A — > pit~ is given in Fig. [TJ The A decay is shown 
in the A rest frame, where 8 p (see Eq. [3J is the angle of 
proton emission relative to the axis given by the normal 
n to the scattering plane. Although n is defined in Eq. [T] 
using vectors in the laboratory frame, it is important to 
note that the direction is unaffected by the boost into 
the A rest frame. 

The A hyperon is a uniquely useful particle in spin 
physics: the parity- violating nature of its weak decay 
A — > pn~ results in an angular distribution where the 
protons are preferentially emitted along the spin direc- 
tion of their parent A. The angular distribution of the 
decay products of the A may thus be used to measure 
its polarization, providing a rare opportunity to explore 
spin degrees of freedom in the fragmentation process. In 
the rest frame of the A it has the form 



dN 



dNo 



(1 + aP A ■ k v 



(2) 



4 




Target 



Combining Eqs.[3]-[6]one obtains 

,m n v _ (cOS'"g p ) O + aP n A (c OS m + 1 p ) o 

(C ° p) ~ l + aPA(cos^) • 1 j 

The extraction of the A polarization P A from the ex- 
perimental data is based on Eq. [7J The 'polarized' mo- 
ments (cos m Op) can be determined by taking an average 
over the experimental data set: 



FIG. 1: Schematic diagram of inclusive A production and 
decay. The angle 8 P of the decay proton with respect to the 
normal n to the production plane is defined in the A rest 
frame. 



Here, k p is the proton momentum unit vector in the 
A rest frame, P A is the polarization of the A, and 
a = 0.642 ± 0.013 is the analyzing power of the parity- 
violating weak decay [2(j. Assuming CP-invariance of 
the decay, the analyzing power for the A is of opposite 
sign (a A = -0.642) 0. The quantity dN /dn p denotes 
the decay distribution of unpolarized A particles. As de- 
scribed above, only the normal component P A of the A 
polarization may be non-zero in the present analysis, and 
so Eq. [2] may be rewritten as 



dN 
dQ„ 



dNo 
dfl„ 



{l + aP A cos0 p ). 



(3) 



For unpolarized A particles the distribution of the de- 
cay particles is isotropic and dNo/dtt p is simply a nor- 
malization factor, independent of angle. In the case of 
limited spectrometer acceptance, however, it acquires a 
dependence on cos0 p . 

To extract the polarization of a sample of A hyper- 
ons from the angular distribution of their decay prod- 
ucts in the acceptance, one may determine the following 
moments: 



(cos ' 



and 



(cos 



9 P )o 



a dN 
7 p dn„ Ul l p 



q d/V jo 
7 P dfi„ us 'P 



I^ m 0p^dQ p 



N A 

acc 



(4) 



J tin 



fcos m e p ^dn p 

N A 

lv 0,acc 



(5) 

where m — 1,2,.. . The symbol (...) represents an aver- 
age over an actual data sample, while (...)o denotes an 
average over a hypothetical purely-unpolarized sample of 
A particles with an isotropic decay distribution. N A CC and 
A^ acc are equal to the total number of A events for the 
same luminosity accepted by the spectrometer. They are 
related by 



^a A cc=<acc(l + «^(cOS0 p )o). 



(6) 



Jv acc i=1 



COS 



y p,l • 



(8) 



The 'unpolarized' moments (cos m p )o cannot be ex- 
tracted directly from the data as no sample of unpo- 
larized A hyperons is available. Fortuitously, however, 
the extraction of the transverse A polarization from the 
HERMES data is greatly simplified by the up/down mir- 
ror symmetry of the HERMES spectrometer, even in the 
case of limited acceptance. It can be readily shown that 
this geometric symmetry leads to the relation 



Q \top 
y p/o 



(-ir< c 



Q \bot 
7 P/0 J 



(9) 



where top and hot specify events in which the hyperon's 
momentum was directed above or below the midplane of 
the spectrometer. Consequently all 'unpolarized' uneven 
moments of the full acceptance function (top plus hot) 
are zero, and all even 'polarized' moments are equal to 
the 'unpolarized' ones: 



(cos m P ) = (cos m p )o m = 2,4, 



(10) 



The first moment of cos p may be calculated sepa- 
rately for the top and hot data samples to account for a 
possible difference in the overall efficiency of each detec- 
tor half. Using the symmetry relations (Eqs. l9l and [TOf. 
one obtains from Eq.[7]a system of two coupled equations 
for aP„ A and 



(cos6> p )o° p : 



aP A = 



_/(cos 2 



1 — {cos0 p ) t Q P c_/(cos 2 Op) 



(cost 



\'°p _ 

o/O — 



1 



c+a 



P„ A ' 



(11) 



(12) 



\top 



where 2c + (2c_) is the sum (difference) of (cos Op)* 
and (cos p ) bot . This system of coupled equations can be 
solved iteratively. The iteration converges quickly. If one 
takes aP A = c+/(cos 2 p ) and (cos# p )q° p = c_ for the 
first iteration, then the solution of the second iteration 
for P A and (cos# p )q° p reads: 



aP A = 



./(cos 2 



1 -c 2 _/ (cos 2 Op)' 



(cos 



q \top 

'p/o 



1 -c\ /(cos 2 Op)' 



(13) 



(14) 
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Eq. [13] was used to determine the results presented in 
this paper. 

The results for the 'unpolarizcd' first moment of cos 9 P 
determined in various kinematic bins from data were 
found to be in very good agreement with those obtained 
from a Monte Carlo simulation of the detector. 



EVENT SELECTION 

The kinematics of the A hyperons whose decay prod- 
ucts are both within the angular acceptance of the HER- 
MES spectrometer are such that the proton momentum 
is always much higher than that of the pion. These 
low-momentum pions are often bent so severely in the 
spectrometer magnet that they fail to reach the track- 
ing chambers and particle identification detectors in the 
backward half of the spectrometer. However, it is pos- 
sible to evaluate the momentum of such "short tracks" 
using the hits recorded by the HERMES Magnet Cham- 
bers, a series of proportional chambers located between 
the poles of the spectrometer magnet [21] . The accep- 
tance for A hyperons can be increased by almost a factor 
of two when these pion "short tracks" are included in 
the analysis. As non-pions in coincidence with protons 
are rare, particle identification (PID) is not essential for 
these tracks. In contrast, PID of the decay proton is im- 
portant for background reduction. For the data recorded 
prior to 1998, this was provided by a threshold Cercnkov 
counter [T3|, which was then replaced by a dual-radiator 
Ring-Imaging Cerenkov detector (RICH) [jjj . Pro- 
ton candidates were therefore required to be a positive 
hadron with the highest-momentum (leading hadron) 
having a "long track", i.e., a track that passed through 
all detectors of the spectrometer, and to be not identified 
as a pion. 

A events were identified through the reconstruction 
of secondary vertices in events containing oppositely 
charged hadron pairs. Two spatial vertices were recon- 
structed for each event. First the secondary (decay) ver- 
tex was determined from the intersection (i.e., point of 
closest approach) of the proton and pion tracks. The hy- 
peron track was then reconstructed using this decay ver- 
tex and the sum of the proton and pion 3-momenta. The 
intersection of this track with the beam axis determined 
the primary (production) vertex. For both vertices the 
distance of closest approach was required to be less than 
1.5 cm. Only those events with the primary vertex inside 
the 40 cm long target cell were selected. All tracks were 
also required to satisfy a series of fiducial-volume cuts 
designed to avoid the edges of the detector. Furthermore 
the two hadron tracks were required to be reconstructed 
in the same spectrometer half to avoid effects caused by 
a possible misalignment of the two spectrometer halves 
relative to each other. 

Hadrons emitted from the primary vertex were sup- 



pressed by two vertex separation requirements. The 
transverse distance between the decay vertex and the 
beam axis was required to be larger than 1 cm. In the lon- 
gitudinal direction the requirement Z2 — z\ > 15(20) cm 
was imposed for A candidates, with z\ and Z2 represent- 
ing the coordinates of the primary and secondary vertex 
positions along the beam direction. The chosen values 
of this vertex separation requirement were a compromise 
between statistical precision and low background of the 
data sample. 

The resulting p7r _ and p7r + invariant mass distribu- 
tions are shown in Fig. [2] The fitted mean value for the 
A (A) mass is 1.1157 GeV (1.1156 GeV) with a width of 
a = 2.23 MeV (2.20 MeV). For the polarization analysis, 
A and A events within a ±3.3 a invariant mass window 
around the mean value of the fitted peak were chosen, 
and a background-subtraction procedure was applied as 
described below. The final data sample contained around 
259 x 10 3 A and 51 x 10 3 A events. 
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FIG. 2: Invariant mass distributions for A and A events. The 
central region was used for the determination of the A (A) 
polarization. The shaded areas indicate the invariant-mass 
intervals used for the determination of the background polar- 
ization. 



RESULTS 

The transverse polarization for the A and A data sam- 
ples was extracted using Eq. [13] The contribution of the 
background under the A invariant mass peak to the po- 
larization was estimated using a side-band subtraction 
method. An independent polarization analysis was per- 
formed in each kinematic bin of interest. For each bin 
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in £ or p^ (described below), the invariant mass spec- 
trum was fit with a Gaussian plus a third-order polyno- 
mial. The fit was used to determine the number of signal 
and background events within a ±3.3 a window around 
the peak. The polarization was calculated for the events 
within this central window, as well as within four "side- 
band" windows with widths of around 8 MeV, two in the 
low- and two in the high-mass background regions, as in- 
dicated by the shaded areas in Fig. [2] The polarizations 
extracted from the sidebands were interpolated to obtain 
the background polarization at the peak mass. The frac- 
tion of background events e = N ^ a ^ b within the peak 
was typically of order 15 %. The transverse polarization 
within the A peak was corrected for this background con- 
tribution in each kinematic bin as follows 



P A = 



pA-\-bgr _ pbgr 
n t n 

1-e 



(15) 



The interpolated background polarization P^ gr was 
around 0.12 ± 0.01 (0.13 ± 0.02) for the A (A) sample. 
Because of the small background contamination, the net 
correction to the A and A polarization was on average 
below 0.01. The results for the extracted value of the 
transverse A polarization were stable within the statisti- 
cal uncertainty when the longitudinal vertex separation 
requirement was varied between 10 and 25 cm. 

In order to estimate the systematic uncertainty of the 
measurement, similar analyses were carried out for re- 
constructed h + h~ hadron pairs, with leading positive 
hadrons (A-like case) and with leading negative hadrons 
(A-like case). No PID (apart from lepton rejection) 
was applied to these hadrons, and so the sample was 
likely dominated by h + tt~ pairs. Events within two 
mass windows above and below the A mass window 
(1.093 GeV < M h+h - < 1.108 GeV, and 1.124 GeV < 
Mfr+h- < 1.139 GeV) were selected, where M h + h - was 
determined by assuming for the leading/non- leading par- 
ticles the proton/pion masses respectively. Instead of re- 
quiring a displaced decay vertex, their point of closest 
approach was required to be inside the target cell. False 
polarization values of 0.012±0.002 and 0.018±0.002 were 
found in the A-like and A-like cases, respectively. 

As a second measure of the systematic uncertainty a 
sample of K® — > ir + ir~ events was used. The long- 
lived provides a similar event topology to the A with 
two separated vertices. The false polarization of K° was 
found to be 0.012±0.004 in the A-like case (with a leading 
7T+) and 0.002 ± 0.004 in the A-like case. 

Possible detector misalignments could lead to imper- 
fections in the up/down symmetry of the spectrometer. 
In order to estimate the effect of such misalignments 
on the measured polarizations, Monte Carlo simulations 
were performed using a spectrometer description with the 
top and bottom halves misaligned by ±0.5 mrad. Four 
samples were generated, with input polarizations of 0, 



0.05, 0.1 and 0.2, respectively. In addition a background 
polarization of 0.15 was included to better simulate the 
experimental situation. The polarizations extracted from 
these Monte Carlo data samples were in agreement with 
the input values within the statistical uncertainty of 
0.005. A second potential source of a top/bottom spec- 
trometer asymmetry is trigger inefficiency. This was also 
investigated using Monte Carlo simulations. It was found 
that even an unrealistically large difference of 30% in the 
top/bottom efficiency resulted in the reconstructed po- 
larization being consistent with the generated one. 

From the results of these studies the systematic un- 
certainties on the A and A transverse polarizations were 
taken to be 0.012 and 0.018, respectively. 

The good statistical accuracy of the full inclusive data 
set allows the dependence of the A and A polarization on 
certain kinematic variables to be studied. As mentioned 
earlier, information on the virtual-photon kinematics is 
not known on an event-by-event basis; consequently, only 
kinematic variables related to the eN system are avail- 
able. However, one may analyze the data using the kine- 
matic variable £ = (E\ + p z h) / {E e + p e ), where E\, 
p z \ are the energy and z-component of the A momentum 
(where the z-axis is defined as the lepton beam direction), 
and E e , p e are the energy and momentum of the positron 
beam. This variable is the fraction of the beam positron's 
light-cone momentum carried by the outgoing A. It is 
an approximate measure of whether the hyperons were 
produced in the forward or backward region in the j*N 
center-of-mass system. The natural variable to use to 
separate these kinematic regimes would be the Feynman 
variable xf = P^/p^ max evaluated in the j*N system, 
where p^ is the A's momentum along the virtual-photon 
direction, and _pj^ max is its maximum possible value, but 
this variable is not available in an inclusive measurement. 
Nevertheless, as shown in Fig. [3l a simulation of the re- 
action using the PYTHIA Monte Carlo reveals a useful 
correlation between £ and xp. In particular, all events at 
C > 0.25 are produced in the kinematic region xf > 0, 
and for £ < 0.25 there is a mixture of events originating 
from the kinematic regions with xf > and xf < 0. 
An indication that the dominant production mechanism 
changes at ( values around 0.25 can be observed in the 
ratio of A to A yields displayed in Fig. |4j The yields are 
not corrected for acceptance as PYTHIA Monte Carlo 
studies indicate that the detection efficiencies for A and 
A are the same. Above C ~ 0.25, an approximately con- 
stant ratio of about 4 is seen. At lower values the ratio 
increases significantly, likely indicating the influence of 
the nucleon target remnant in A formation. 

The A and A polarizations are shown as functions of 
( in Fig. 03 The A polarization is about 0.10 in the re- 
gion ( < 0.25, and about 0.05 at higher (. Combining 
all kinematic points together, the average A transverse 
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FIG. 3: Correlation between xf, evaluated in the 7*iV system, 
and the light-cone fraction £ determined in the eN system, as 
determined from a PYTHIA Monte Carlo simulation. 
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FIG. 4: Ratio of A to A yields versus light-cone fraction £ 
observed in the data, after background subtraction. 



polarization is 

P* = 0.078 ± 0.006(stat) ± 0.012(syst). 



(16) 



For the A measurement, no kinematic dependence is ob- 
served within the statistical uncertainties. The net A 
transverse polarization is 



P£ = -0.025 ± 0.015(stat) ± 0.018(syst). 



(17) 



It should be noted that for each point in £ the value 
of the hyperon's mean transverse momentum (pr) is dif- 
ferent as is shown in the lower panel of Fig. Here pt 
is defined with respect to the eN system rather than to 
the 7*iV system as, again, the virtual-photon direction 
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FIG. 5: Transverse polarizations P^ and P A (upper panel) 
and mean (pt) (lower panel) as functions of £ = (Ea + 
Pza)/(E s +Pe). The inner error bars represent the statistical 
uncertainties, and the outer error bars represent the statistical 
and systematic uncertainties added in quadrature. 



was not determined in this inclusive analysis. In Fig. [BJ 
the transverse A and A polarizations are shown versus 
Pt for the two intervals ( < 0.25 and C, > 0.25. In both 
regimes the A polarization rises linearly with pt, resem- 
bling the linear rise of hyperon polarization magnitude 
with pt that was consistently observed in the forward 
production of hyperons in hadronic reactions. For the 
A, again no kinematic dependence of the polarization is 
observed within statistics. 



DISCUSSION 

The transverse A polarization measured by HERMES 
in the 7*A^ — > AX reaction is positive, in contrast to the 
negative values observed in almost all other reactions. 
Very few theoretical models of the kinematic dependence 
of A polarization in photo- or electroproduction are avail- 
able for comparison with the data. Negative transverse 
A and A polarizations were predicted for the electropro- 
duction case in Ref. [23|], where transverse A polariza- 
tion is associated with the T-odd fragmentation function 
D^ T (z,Q 2 ), one of eight fragmentation functions iden- 
tified in a complete tree-level analysis of semi-inclusive 

However, these calcula- 



deep-inelastic scattering 24 



tions are confined to the high-Q 2 regime of deep-inelastic 
scattering. 

One may speculate on the reason for the positive A 
polarization in 7* N — AX. In the model given in 
Ref. [Ill, for example, forward-going A particles pro- 
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represent the statistical and systematic uncertainties added in 
quadrature. 



duced in proton-proton scattering are formed from the 
recombination of a high-momentum spin- and isospin- 
singlet ud diquark from the beam with a strange sea 
quark from the target or the fragmentation process. The 
negative A polarization then arises from the acceleration 
of the strange quark, via the Thomas precession effect. 
Conversely, the positive A polarization observed with K~ 
and £~ beams is indicative of the deceleration of strange 
quarks from the beam. The positive polarization ob- 
served in the HERMES quasireal photoproduction data 



might therefore indicate that the 7 — > ss hadronic com- 
ponent of the photon plays a significant role in inclusive 
A production. 

The different average magnitude of P A for ( below and 
above 0.25 and the increase of the ratio of A to A yields at 
low values of £ might be an indication of different hyperon 
formation mechanisms in the "backward" and "forward" 
kinematic regions, i.e., recombination of a quark from the 
beam with a diquark from the target in the "backward" 
region, and with a diquark from a string-break in the 
"forward" region. 

The positive transverse polarization of A hyperons 
has indeed been explained in a quark-recombination 
model (26], in which u, d and s quarks from the 7 
beam contribute to the A production and polarization 
through the recombinations s + (ud)°, u + (ds) ' 1 and 
d + (us) ' 1 , where the upper indices (1) correspond 
to singlet (triplet) diquark configurations. The contribu- 
tions of the latter two recombinations are suppressed due 
to the higher mass of the diquarks containing an s quark. 

In the framework of impact-parameter-dependent gen- 
eralized parton distribution functions, it was argued in 
Ref. [27| that A hyperons produced in the collision of 
a beam containing s quarks with a nucleon target have 
a positive transverse polarization. In this work, a sim- 
ilar mechanism was also used to explain another T-odd 
observable, the so-called Sivers asymmetry in electropro- 
duction of pions as observed at HERMES [28[ . 

As no theory is currently able to explain the existing 
body of A polarization data, all such model-dependent 
speculations must be viewed only as exploratory consid- 
erations. The result presented here, a first measurement 
of non-zero transverse polarization in the 7* A — > AX 
reactions at Q 2 ps 0, adds an interesting new piece to the 
long-standing mystery of hyperon polarization at high 
energies. 
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